Background and Aim
Introduction
Obesity and overweight have been a rapid-growing and pandemic problem worldwide over the past few decades [1] . Excess weight is associated with increased mortality in the general population, primarily because of the increased risk of cardiovascular disease (CVD) [2] . Accumulating evidence has shown either a J-or U-shaped association between body mass index (BMI) and mortality [3] [4] [5] . The lowest risk of death is observed at a BMI of 20.0-27.5 kg/m 2 [4, 5] , suggesting a survival advantage in individuals with a normal BMI. However, in certain disease groups, such as patients with heart failure [6] , chronic obstructive pulmonary disease [7] , and dialysis patients [8] [9] [10] , the relationship between excess weight and death appears to be reversed. In contrast to the general population and patients on dialysis, the relationship between BMI and mortality in patients with chronic kidney disease (CKD) remains contradictory. Some earlier studies suggested that a lower BMI was associated with an increased risk of death in CKD [11] [12] [13] , whereas some investigations found no association between BMI and adverse outcomes in CKD [14] [15] [16] . Patients with advanced CKD are different from the general population and patients with earlier stages of CKD regarding the burden of cardiovascular (CV) events and mortality [17] . The risk nadir BMI and the association between BMI and mortality are not well understood in advanced CKD. Furthermore, men and women exhibit differences in the pathogenesis and clinical prognosis of many diseases [18] . In CKD, the female gender was associated with a slower decline in renal function and better renal and patient survival [11, 19] ; however, this survival advantage is cancelled in dialysis [20, 21] . The gender difference in the relationship between BMI and mortality in advanced CKD remains unclear.
Therefore, the aims of our study were to investigate the association between BMI, CV events, and mortality and to explore gender differences in these associations in patients with CKD stages 3-5.
Methods

Ethics statement
The study protocol was approved by the institutional review board of the Kaohsiung Medical University Hospital (KMUH-IRB-20140076). Written informed consents were obtained from each patient, and all clinical investigations were conducted according to the principles expressed in the Declaration of Helsinki. The patients gave consent for the publication of the clinical details.
Study design and participants
Integrated CKD care program Kaohsiung for delaying dialysis (ICKD) study was designed as a prospective cohort study to investigate the impact of an integrated CKD care program on clinical outcomes in patients with CKD stages 1-5. Exclusion criteria were acute kidney injury, which is defined as more than 50% decrease in the estimated glomerular filtration rate (eGFR) in 3 months, and long-term dialysis. 3,749 patients participated in the study from the nephrology out-patient departments of two hospitals located in southern Taiwan between November  11, 2002 and May 31, 2009, and were [5] . The extreme-BMI groups, which represented less than 1% of participants, including five subjects with a BMI lower than 14.9 kg/m 2 and thirty-eight subjects with a BMI greater than 
Outcomes
Clinical outcomes, including all-cause mortality and CV events and death, were accessed. Survival status and cause of death were ascertained by reviewing death certificates using charts or the National Death Index. CV events were ascertained by reviewing charts and were defined as hospitalization for acute coronary syndrome (Deyo-modified Charlson score, ICD-9-CM: 410. x-412.x), acute cerebrovascular disease (430.x-438.x), congestive heart failure (428.x), and peripheral arterial occlusion disease (443.9, 441.x, 785.4, V43.4, procedure 38.48), followed by death by one of the aforementioned causes. Patients were not censored because of dialysis.
Statistical analysis
Summary statistical results regarding baseline characteristics of all subjects and stratification according to BMI are expressed as percentages for categorical data, mean standard ± deviation for continuous variables with an approximately normal distribution, and median and interquartile range for continuous variables with a skewed distribution. Differences between groups were assessed by the Pearson chi-square test for categorical variables or by the one way ANOVA for continuous variables. Cox proportional hazards analysis was used to investigate the relationship of BMI with all-cause mortality and CV events. The proportional hazards assumption was tested by the Schoenfeld goodness-of-fit procedures, which did not show meaningful violations. Study participants with a BMI of 27.6-30.0 kg/m 2 were used as the reference group because this group had the lowest all-cause mortality and CV events and death. All clinically relevant covariates were selected according to our previous publications and literature and continuous variables with a skewed distribution were log transformed to attain normal distribution. Adjusted covariates included age, gender, hypertension, CVD, diabetes mellitus, current smoking status, MAP, eGFR, log-transformed Upcr, albumin, hemoglobin, HbA1C, log-transformed total cholesterol, log-transformed CRP, and phosphorus [23] [24] [25] . Cox survival analyses with pre-specified subgroups were also performed by adding appropriate cross-product interaction terms including age, gender, CVD, CKD stages, Upcr, hemoglobin, albumin, and CRP. Statistical analysis was performed using the R 2.15.2 software (R Foundation for Statistical Computing, Vienna, Austria) and the SPSS, version 18.0 (SPSS Inc., Chicago, IL) for Windows.
Results
Baseline characteristics of study participants
A total of 3,320 non-dialyzed patients (1,938 men and 1,382 women) with CKD stages 3-5 were included in the study and analyzed. Baseline characteristics of study participants divided according to the categories of BMI are summarized in Tables 1 and 2 . In male patients, the mean age was 63.5 ± 13.4 years, 43.7% had a history of diabetes, and 26.7% had CKD stage 5. The overall mean BMI and eGFR were 24.8 ± 3.4 kg/m 2 and 29.2 ± 16.2 mL/min/1.73 m 2 , respectively. Compared with those with a lower BMI, male patients with a higher BMI were more likely to have a younger age, a higher prevalence of diabetes and hypertension, as well as higher levels of MAP, eGFR, albumin, hemoglobin, and HbA1C. In female patients, the mean age was 63.3 ± 13.7 years, 44.9% had a history of diabetes, and 45.6% had CKD stage 5. The overall mean BMI and eGFR were 24.3 ± 3.9 kg/m 2 and 20.2 ± 13.6 mL/min/1.73 m 2 , respectively. Compared with those with a lower BMI, female patients with a higher BMI were tend to have an older age, a higher prevalence of diabetes, hypertension and CVD, higher levels of MAP, eGFR, hemoglobin, CRP, and HbA1C.
Associations between BMI and all-cause mortality
There were 328 deaths (16.9%) during a median follow-up period of 2.9 (1.8-4.7) years in male patients, and 213 deaths (15.4%) during the follow-up period in female patients. We generated Kaplan-Meier curves to illustrate cumulative probability of all-cause mortality. It demonstrated that male patients with a low BMI of 15.0-20.0 kg/m 2 had the highest cumulative probability of all-cause mortality. But such phenomenon was not observed in female patients (Fig 1) . Table 3 shows the results of Cox proportional hazards regression analysis for all-cause mortality, CV events and death in male patients. The low-BMI groups, i.e., male patients with a BMI of 15 BMI and all-cause mortality in male patients (Fig 2) . Compared with those with a BMI of 27.6-30.0 kg/m 2 , female patients with a lower BMI did not show significantly increased risk of all-cause mortality in the fully-adjusted model. However, the high-BMI group (BMI of 30.1-35.0 kg/m 2 ) exhibited a trend of decreased risk of all-cause mortality, with a HR (95% CI) of 0.52 (0.26-1.02), P = 0.057 (Table 4 ). The relationship between BMI and all-cause mortality in female patients showed a nearly flat curve (Fig 2) Associations between BMI and CV outcomes
During the follow-up period, there were 319 CV events and death (16.5%) in male patients, and 224 CV events and death (16.2%) in female patients. The Kaplan-Meier curves illustrating cumulative probability of CV events and death showed that male patients with a low BMI of Full-adjusted model: adjusted for age, hypertension, cardiovascular disease, diabetes mellitus, MAP, HbA1C, log-transformed total cholesterol, current smoker, log-transformed CRP, eGFR, log-transformed Upcr, albumin, hemoglobin and phosphorus.
Abbreviations are the same as in 15.0-20.0 kg/m 2 had the highest cumulative probability of poor CV outcomes. But this relationship was not found in female patients (Fig 3) . Multivariate-adjusted HRs were adjusted for age, gender, cardiovascular disease, diabetes mellitus, mean arterial pressure, glycated hemoglobin, log-transformed total cholesterol, current smoking status, logtransformed C-reactive protein, estimated glomerular filtration rate, log-transformed urine protein-tocreatinine ratio, albumin, hemoglobin, and phosphorus, using participants with a BMI of 27.6-30.0 kg/m 2 as the reference group. doi:10.1371/journal.pone.0126668.g002 Full-adjusted model: adjusted for age, hypertension, cardiovascular disease, diabetes mellitus, MAP, HbA1C, log-transformed total cholesterol, current smoker, log-transformed CRP, eGFR, log-transformed Upcr, albumin, hemoglobin and phosphorus. Abbreviations are the same as in Table 1 . *P < 0.05 compared with reference BMI category. † P < 0.001 compared with reference BMI category.
doi:10.1371/journal.pone.0126668.t004 (4) patients. Error bars indicate 95% confidence intervals. Multivariate-adjusted HRs were adjusted for age, gender, cardiovascular disease, diabetes mellitus, mean arterial pressure, glycated hemoglobin, log-transformed total cholesterol, current smoking status, log-transformed C-reactive protein, estimated glomerular filtration rate, log-transformed urine protein-to-creatinine ratio, albumin, hemoglobin, and phosphorus, using participants with a BMI of 27.6-30.0 kg/m 2 as the reference group.
doi:10.1371/journal.pone.0126668.g004 model ( Table 3 ). The multivariate-adjusted association between BMI and CV outcomes in male patients was U-shaped (Fig 4) . Compared with those with a BMI of 27.6-30.0 kg/m 2 , female patients with a lower or a higher BMI did not show significantly increased risk of CV events and death in the fullyadjusted model (Table 4) . The association between BMI and CV outcomes in female patients showed a nearly flat curve (Fig 4) .
Discussion
In the present study, we investigated the relationship of BMI with mortality, CV events and death in Asian patients with CKD stages 3-5. We found gender differences in associations between BMI, all-cause mortality, and CV events and death. There was a reverse J-shaped association between BMI and all-cause mortality, and a U-shaped association between BMI and CV outcomes in male patients with advanced CKD. By contrast, the associations of BMI with allcause mortality and CV outcomes in female patients were illustrated as nearly flat curves. Although emerging evidence indicates a survival advantage for a high BMI in dialysis patients, the role of BMI in CKD patients and gender differences has not been described well. Kovesdy et al. [12] showed that a lower BMI (<22.2 kg/m 2 ) was associated with mortality in 521 veterans mainly with CKD stage 3 or 4. Furthermore, Kwan et al. [13] found an association between increased BMI and lower mortality among 461 participants, the majority of whom had CKD stage 3, in the Atherosclerosis Risk in Communities (ARIC) study. An inverse relationship between excess weight and mortality appears to be evident in CKD. However, some studies did not support this paradoxical association [14, 26] . These discrepancies may be explained by the effects of comorbid conditions, racial differences, and severity of CKD among the study cohorts. Despite a limited number of studies in advanced CKD, Evans et al. [11] reported an inverse relationship between BMI and mortality in patients with CKD stages 4-5. Our findings in male patients with advanced CKD were partly comparable with those reported by Kovesdy et al. and Evans et al., suggesting a low BMI increased mortality risk.
In the present study, we found a U-shaped association between BMI and CV outcomes in male patients, whereas previous studies of Caucasian cohorts showed no association between BMI and CV outcomes [14, 15] . The reasons for these different associations are not clear but may be related to racial disparities. Investigations based on the US Renal Data System data showed that Asian-American ESRD patients do not have better survival at a high BMI and reported a U-shaped association in this population [27, 28] . Obesity may exert race-specific effects on survival advantage in CKD and dialysis patients. The associations between BMI and health risks may differ between Asian and European populations [29] . Moreover, it has been shown that Asians develop a higher rate of diabetes than do white populations at a BMI of 30 kg/m 2 [30] . Given the impact of obesity and diabetes on CV risk, a stronger association between a high BMI and CVD in Asians compared with the Western population is expected, as in the present study. In contrast to reverse J-shaped or U-shaped associations between BMI and poor outcomes in men, female patients displayed overall neutral associations. Sex hormone may contribute to the different severity of inflammation and wasting among men and women. A low BMI usually reflects malnutrition and inflammation, leading to endothelial dysfunction in pre-dialysis and dialysis patients [31, 32] . Estrogen has anti-inflammatory and immunomodulatory effects, as it modulates proinflammatory cytokines, chemokines, and adhesion molecules and reduces oxidative stress [33] [34] [35] . Testosterone deficiency, which has been associated with muscle wasting and inflammation in men with CKD [36] , may also play an important role. Previous reports showed that reduced muscle mass and elevated CRP were associated with a lower survival rate in male, but not in female CKD patients close to the start of dialysis [37] . Loss of muscle mass in conjunction with presence of inflammation might be a much more detrimental sign in men. These hormonal and metabolic derangements might account for the positive association between low BMI with poor outcomes in men, but not in women with CKD.
Furthermore, gender differences in body composition might be another possible explanation, as women have a higher percentage of body fat compared with men at an equivalent BMI [38] . A higher fat mass was associated with a lower risk of mortality in dialysis patients [39, 40] . The favorable effects of increased fat mass were presumably due to higher metabolic reserves and sequestration of uremic toxins, thus providing energy that is required for survival in ill conditions, such as those with advanced CKD and dialysis patients. Taken together, it appears to be an interaction between sex hormones and metabolic factors, regarding the gender differences in associations between BMI and poor outcomes in CKD.
There were several limitations in the present study. First, we used the baseline BMI for analysis. Data of time-dependent changes in BMI were not obtained, and we were not able to investigate the association between weight variation and outcomes. Second, the study subjects had advanced CKD; thus, the results may not be generalizable to all CKD populations. Third, although premature death is often observed in CKD, the observation period was relatively short in the present study. Third, BMI is limited to differentiate the fat and lean mass. Therefore, body composition analysis using dual-energy X-ray absorption is of importance to elucidate in the future studies. Moreover, BMI may be misleading in the presence of edema, which occurs commonly in patients with advanced CKD. Waist-to-hip ratio or conicity index may be a more sensitive marker for risk stratification in CKD [41, 42] .
In conclusion, our findings suggest a reverse J-shaped association between BMI and allcause mortality, and a U-shaped association between BMI and CV outcomes in male patients with advanced CKD. However, neutral associations were detected in female patients. Hormonal and metabolic derangements might play a role in gender differences in associations between BMI and poor outcomes in CKD.
